The kinetics of I3Hlthymidine incorporation into the DNA of carrot suspension cultures were investigated. At a thymidine concentration of 0.1 micromolar, incorporation into DNA is not quantitative but ceases after only 14% of the thymidine has been incorporated. Thymidine incorporation into DNA is resumed following addition of a second aliquot of thymidine, which is consistent with substrate depletion. In vivo tracer experiments indicate that this may be due to a catabolic route for converting thymidine to fi-aminoisobutyric acid. Bearing these observations in mind, conditions for determining the rate of DNA synthesis using 13Hlthymidine incorporation have been investigated. It is concluded that by increasing the thymidine concentration to 10 micromolar the assay period may be increased, by reducing the influence of the degradative pathway, and that cell density and incubation time are critical factors in establishing a valid measure of the rate of DNA synthesis using this method.
The accurate measurement of the rate of DNA synthesis in plant tissue culture is important for studies on cell synchrony, the nature of the cell cycle, and the action of mitogens. Potentially it may also afford an easy method for studying the growth rate of plant cells in nonsynchronous cultures, overcoming the tedious procedure of counting cells. The specific incorporation of radioactive TdR' into DNA has been frequently used as a measure of the rate of DNA synthesis in both animal (9) and plant tissue cultures (5, 6) . This method has distinct advantages over spectrophotometric methods because exceedingly small quantities of newly synthesized DNA can be detected, relatively small samples are required, and by comparison with spectrophotometric methods the procedure is rapid.
Ferrari and Widholm (2) have described a sensitive method for estimating DNA synthesis in carrot suspension cultures utilizing [3HJTdR incorporation into DNA. These authors demonstrated that [3HJTdR incorporation could be used to detect DNA synthesis in carrot cells; however, they did not give any information about the incorporation kinetics. Detailed knowledge of the incorporation kinetics and factors which influence them are essential if the method is to be extended to measure the rate of DNA synthesis.
Here, we report on the characteristics of Proper consideration of the effect of incubation time, TdR concentration and cell number allows the limits of the assay to be defined as a measure of the rate of DNA synthesis.
MATERIALS AND METHODS
Cell Cultures. Carrot (Daucus carota L; cv. Champion Scarlet Horn) were grown as a fine suspension in a Murashige and Skoog (7) based culture medium. The basal medium was supplied by Flow Laboratories Ltd., Ayrshire, Scotland, and contained in addition 1 ,ug/ml 2,4-D, 5% (v/v) coconut milk, 3% (v/v) sucrose, and 0.5 jig/ml kinetin. Stock cultures were grown at 25 C in a Gallenkamp illuminated, cooled orbital incubator with a shake rate of 120 rpm and 12-h illumination/day. The stock cultures were grown in 250-ml conical flasks containing 100 ml of medium and were routinely subcultured every 2 days. For experimental purposes cells were grown under the same conditions but in 100-ml conical flasks, which had been precoated with Repelcote (Hopkin and Williams, Essex, U.K.) and contained 20 ml of culture medium. All cultures were used 2 days after subculturing to allow the cultures to overcome any lag due to subculturing.
Cell Number. Cell number was estimated by measuring A at 550 nm. Sung (8) Duplicate samples of I ml were withdrawn (using a Finn Pipette with 0.5 mm cut off from the end) at set periods of time and placed into a cold centrifuge tube. The reaction was terminated by the addition of 3 ml cold methanol. All subsequent operations were performed in centrifuge tubes since this was found to be more reproducible than washing cells on glass fibre discs as described by Ferrari and Widholm (2) . After standing on ice for at least I h the samples were centrifuged and washed three times by centrifugation with chloroform-methanol-water After drying, the thin layer plates were cut into strips. The first 2 cm were designated sample 0 and the remainder of the plate was cut into 1-cm strips and designated samples I to 19. Samples were added to I ml of water and 12 ml of scintillation cocktail. Known samples of nonradioactive Thy, TdR, DHT, BAIB, TdR-triP, TdR-diP, and TdR-monoP were chromatographed. The positions of the thymidine phosphates, and Thy were determined by UV light absorption. The TPs ran in the same zone in the solvent systems employed and it was not possible to differentiate between them. BAIB was detected by ninhydrin and DHT by NaOH digestion followed by p-dimethyl-aminobenzaldehyde staining (Fink et al [3, 4] ). Biochemicals were obtained from Sigma Chemical Co. Ltd., Poole, Dorset, U.K.
Liquid Scintillation Counting. Samples were added to 12 ml of Packard MI-97 scintillation fluid (Packard Instruments Co., Inc.) and counted in a Phillips liquid scintillation analyzer PW 4510.
RESULTS AND DISCUSSION
Kinetics of I3HITdR Incorporation into DNA. We have investigated the incorporation kinetics of [3HjTdR into the DNA of carrot cells using a TdR concentration of 0.1 ,uM, which is similar to the concentration employed by Ferrari and Widholm (2).
Incorporation is linear with time up to I h and eventually reaches a plateau after 2 h (Fig. Ia) were withdrawn and the radioactivity in the DNA assayed as described. A further injection of I 1Ci of 13HJTdR at the same specific radioactivity used initially was given after 3 h to sample B.
synthesis requires that only initial velocity data are used (i.e. that acquired in the linear phase up to 1 h), use of data after that period of time would result in an underestimate of the rate of DNA synthesis. It is thus essential to have information on the kinetics of incorporation before such a rate may be determined. Figure la shows that TdR incorporation is not quantitative, because only approximately 14% of the TdR supplied is actually incorporated into the DNA. Such a low level of incorporation may be due to substrate depletion or to some form of inhibition.
To resolve this issue a second aliquot of [3H]TdR was added to the culture, (Figure lb) , which results in a second wave of incorporation. This result argues against an inhibitory block and would seem to be better explained by substrate depletion. Inasmuch as TdR degradation has to occur in both animals (3, 9) and plants (1, 10), we decided to investigate whether this pathway exists in carrot suspension cultures.
In Vivo Metabolism of TdR. The above experiments indicate that extensive TdR degradation occurs in carrot cells in suspension culture. The thymidine is probably degraded by the BAIB pathway which has been demonstrated to occur in germinating seedlings (1) and lymphocytes (9) . Degradation by this pathway involves the sequential conversion of TdR via Thy, DHT, and BUIB to BAIB. LLD, AND LLOYD Plant Physiol. Vol. 65, 1980 
